FRAME JOINT STRUCTURE AND JOINING METHOD THEREOF 

FIELD OF THE INVENTION 
[0001] The present invention relates to a frame joint structure and a joining 
5 method thereof for use in joining frame members together into a T- or cross- 
shape. 

BACKGROUND OF THE INVENTION 
[0002] Production of vehicle frames involves joining pipes together with 
bonding material. It is known to use resin for the bonding material (see JPA- 
10 2001-278162, for example). 

[0003] It is also known to employ welding for joining pipes or frame 
members together to produce vehicle frames (see JP-A-2002- 173049, for 
example). 

[0004] A joining method of JP-A-2001 278162 will be described with 
15 reference to FIG. 15. 

[0005] In the method of joining together pipes shown in FIG. 15, a heat 
foamable adhesive S is applied to a pipe 101 constituting a frame member, and 

then the pipe 101 is press-fitted into a joint protrusion 103 of a lug 102. The 
joint protrusion 103 has ribs 103a, 103b on its inner surface. Thereafter, by 
20 heating the adhesive S by a heating means into a foam, the adhesive S extends 
into narrow gaps between the pipe 101 and the lug 102 at the joint, bonding the 
joint surfaces, which results in a simplified and economic frame member/pipe 
joining operation and an increased bonding strength. 

[0006] In the above pipe joining method, however, the pipe 101 is press- 
25 fitted into the joint protrusion 103, which requires improving the precision of 
the outside diameter of the pipe 101 to which the heat foamable adhesive S is 
applied and the precision of the inside diameter of the ribs 103a, 103b of the 
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joint protrusion 103, causing increased production costs. 

[0007] Now, a joining method of JP-A-2002- 173049 will be described with 
reference to FIG. 16. 

[0008] A frame structure shown in FIG. 16 includes a first member 201, a 
5 second member 202, and an intermediate member 203 interposed between the 
first member 201 and the second member 202. These members are welded 
together. A foam filler 205 is put into a space 204 defined by the first member 
201 and the intermediate member 203. The space 204 is filled with the foam 
filler 205 to provide a sufficient strength to the frame component. 

10 [0009] The above frame component, however, has a structure in which the 
first member 201, second member 202 and intermediate member 204 are 
welded together, which requires that those members be made of the same 
material. Combination of different materials leads to reductions in weight and 
size, but combination of different materials takes time to weld, increasing 

15 production costs. Further, to contact members of different materials with one 
another at welds can cause galvanic corrosion at the contacts, making it diffi cult 
to maintain sufficient strength. 

[0010] There is thus a demand for a frame joint structure and a joining 
method thereof which allow reduction in production costs and, increase in 

20 strength and prevention of galvanic corrosion. 

SUMMARY OF THE INVENTION 
[0011] According to an aspect of the present invention, there is provided a 
frame joint structure which comprises: a first frame member of a U-shaped 
cross section having a first sidewall, a second sidewall, a bottom wall and an 

25 opening; a second frame member, similar to the first frame member, of a 
U shaped cross section having an opening, having an end portion connected to 
at least one of the first sidewall and the second sidewall of the first frame 
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member; a reinforcing member extending into the first frame member and the 
second frame member by predetermined lengths at a joint of the first frame 
member and the second frame member; a plate member closing the openings of 
the first and second frame members to form closed cross sections; and a foamed 
5 resin filling spaces defined between the plate member, the first and second 
frame members, and the reinforcing member. 

[0012] The spaces between the first and second frame members and the 
reinforcing member are filled with the foamed resin, so that the first and second 
frame members, formed resin and reinforcing member are integrally united. 

10 As a result, the strengths of the reinforcing member and the formed resin can be 
added to the joint between the first frame member and second frame member, 
increasing the bonding strength of the first frame member and the second frame 
member. The increased bonding strength allows the first and second frame 
members to be made thinner in plate thickness and to be reduced in weight. 

15 [0013] The reinforcing member preferably has a T shape or an L shape in a 
plan view to increase the bonding strength of the two frame members. 
[0014] If the plate member and the first and second frame members are 
made from a metal material different from a metal material from which the 
reinforcing member is made in the present invention, the foamed resin 

20 interposed therebetween prevents direct contacts between the reinforcing 
member, the frame members and other components, thus preventing corrosion 
resistance. 

[0015] According to another aspect of the present invention, there is 
provided a joining method of a frame joint structure, which comprises the steps 
25 of temporarily securing by welding an end portion of a second frame member of 
a U-shaped cross section having an opening to a first frame member of a 
U-shaped cross section having an opening; mounting a foam resin to a 
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reinforcing member to be extended by predetermined lengths into the first 
frame member and the second frame member at a temporarily welded joint; 
setting the reinforcing member mounted with the foam resin within the first 
frame member and within the second frame member; closing the openings of the 
5 first and second frame members by a plate member so that the frame members 
have closed cross sections; and heating and foaming the foam resin within the 
first and second frame members. 

[0016] In the frame member temporarily securing step, spot- welding 
operation can be finished with the second frame member being provisionally 
10 secured, resulting in a small number of nuggets by spot welding and an 
improved efficiency in spot-welding operation. 

[0017] In the reinforcing member setting step, it is only required to wrap 
unfoamed resin to be foamed resin around the reinforcing member and then 
place the reinforcing member, together with the unfoamed resin, within the first 
15 and second frame members at the joint, which involves no precise positioning 
effort and results in improved productivity. 

[0018] The above joining method preferably further comprises the step of 
applying a coat of paint to a surface of the plate member after the closed 
cross-section forming step; wherein the heat foaming step comprises heat drying 

20 of the applied paint. That is, the unfoamed resin is foamed by heat for drying 
the applied paint, so that heating costs and equipment costs for heat foaming 
can be reduced. Further reduction in production costs can thus be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Preferred embodiments of the present invention will be described in 

25 detail below, by way of example only, with reference to the accompanying 
drawings, in which: 

[0020] FIG. 1 is a perspective view from below of a frame joint structure 
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according to the present invention; 

[0021] FIG. 2 is an exploded perspective view from above of the frame joint 
structure shown in FIG. l; 

[0022] FIG. 3 is a cross-sectional view taken along line 3 3 in FIG. l; 
[0023] FIG. 4 is a cross -sectional view taken along line 3 3 in FIG. l; 
[0024] FIG. 5 is a perspective view of a state before a second frame member 
is welded to a first frame member and unfoamed resins are mounted to a 
reinforcing member in a method of joining the two frame members; 
[0025] FIG. 6 is a perspective view of a state in which the two frame 
members are temporarily welded together from the state shown in FIG. 5 and 
the unfoamed resins are mounted to the reinforcing member; 
[0026] FIG. 7A is a cross-sectional view of a state in which the reinforcing 
member is set within the first and second frame members; FIG. 7B is a cross- 
sectional view of a state in which the first and second frame members are spot- 
welded to a plate member to close openings of the frame members; and FIG. 7C 
is a cross-sectional view of a state in which the unfoamed resins are foamed by 
heating of a heating means; 

[0027] FIGS. 8A and 8B are cross-sectional views of an example in which a 
coat of paint is applied to the surface of the plate member; 

[0028] FIGS. 9 to 11 are diagrams of an example in which a reinforcing 
member formed by press-molding a steel plate into a T shape is used; 
[0029] FIGS. 12 to 14 are diagrams of an L-shaped reinforcing member of a 
rectangular cross-section pipe and a joined state of frame members using the 
reinforcing member; 

[0030] FIG. 15 is a diagram of a conventional method of joining bicycle 
frame pipes; and 

[0031] FIG. 16 is a diagram of a conventional frame connection including a 



foam filler. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0032] Initial reference is made to FIGS. 1 to 4 illustrating a frame joint 
structure of the present invention. 
5 [0033] A frame joint structure 10 of the present invention includes a first 
frame member 11, a second frame member 12 connected to the first frame 
member 11, a reinforcing member 13 provided within the first and second frame 
members 11, 12, a plate member 14 welded to the first and second frame 
members 11, 12, and a foamed resin 15. Reference numeral 16 denotes a joint, 

10 and 17 welds (nuggets) formed by a spot- welding device. 

[0034] The first frame member 11 has a U-shaped cross section, including a 
first sidewall 21, a second sidewall 22, a bottom wall 23, an opening 24, a flange 
25 formed at an edge of the first sidewall 21, and a flange 26 formed at an edge 
of the second sidewall 22. The material of the first frame member 11 is, for 

15 example, steel or an aluminum alloy. 

[0035] The second frame member 11 is similar to the first frame member 11, 
having a U-shaped cross section, including a first sidewall, second sidewall and 
bottom wall 31, 32 and 33, an opening 34, a flange 35 formed at an edge of the 
first sidewall 31, a flange 36 formed at an edge of the second sidewall 32, and 

20 flanges 38, 38 formed at an end portion 37. The material of the second frame 
member is, for example, steel or an aluminum alloy. 

[0036] The plate member 14 is a thin plate for closing the opening 24 of the 
first frame member 11 and the opening 34 of the second frame member 12 to 
form closed cross sections. Reference numeral 39 denotes a coat formed over the 
25 plate member 14. The material of the plate member 14 is steel. 

[0037] FIG. 2 illustrates a state in which the plate member 14 is removed. 
As already described, the frame joint structure 10 includes the reinforcing 
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member 13 extended into the first frame member 11 and the second frame 
member 12 at the joint 16, the plate member 14 closing the openings 24, 34 of 
the first and second frame members 11, 12 to form closed cross sections, and the 
foamed resin 15 filling the spaces between the plate member 14, the first and 
5 second frame members 11, 12 and the reinforcing member 13. 

[0038] The reinforcing member 13 is a T-shaped combination of pipes as 
shown in FIG. 4 and reinforces the first and second frame members 11, 12 from 
within. The material of the reinforcing member 13 is steel, and steel pipes are 
used therefor. Alternatively, pipes of an aluminum alloy or any other material 
10 can be used. 

[0039] The foamed resin 15 is an epoxy resin to which a foaming agent is 
added, which is formed by foaming an unfoamed resin under a temperature 
equal to or higher than 180 °C. For the foamed resin 15, "REINFOCDR-912" 
from Sika Corp. is used. 
15 [0040] Reference sign tl shown in FIG. 2 indicates the plate thickness of the 
first frame member 11, HI the width of the first sidewall 21. The widths of the 
second sidewall and the bottom wall 22, 23 are equal to the width Hi of the first 
sidewall 21. 

[0041] The plate thickness and the widths of the first sidewall, second 
20 sidewall and bottom wall 31, 32 and 33 of the second frame member 12 are 
approximately equal to those of the first frame member 11. 

[0042] As shown in FIGS. 3 and 4, the openings 24, 34 of the first and second 
frame members 11, 12 are closed by the plate member 14 to have closed cross 
sections. The reinforcing member 13 extends into the second frame member 12 
25 by a predetermined length B2. The spaces between the plate member 14, first 
and second frame members 11, 12 and reinforcing member 13 are filled with the 
foamed resin 15. 
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[0043] The outside diameter of the reinforcing member 13 is Dl which is 
smaller than Hi (the width of the first side 2 l). 

[0044] A fitting hole 41 larger than the outside diameter Dl of the 
reinforcing member 13 is formed in the first sidewall 21 of the first frame 
5 member 11 with a portion of the first sidewall 21 left to provide a connecting 
portion 42. 

[0045] As shown in FIG. 4, being extended into the second frame member 12 
by the predetermined length B2, the reinforcing member 13 is also extended 
into the first frame member 11 by a predetermined length Bl, and the spaces 
10 between the first and second frame members 11, 12 and the reinforcing member 
13 are filled with the foamed resin 15. 

[0046] As shown in FIGS. 3 and 4, the frame joint structure 10 of the 
present invention includes the reinforcing member 13 extended into the first 
frame member 11 and the second frame member 12 at the joint 16 by the 

15 predetermined lengths Bl, B2, the plate member 14 closing the openings 24, 34 
of the first and second frame members 11, 12 to form closed cross sections, and 
the foamed resin 15 filling the spaces between the plate member 14, first and 
second frame members 11, 12 and reinforcing member 13, so that the foamed 
resin 15 and the reinforcing member 13 can be integrally united within the first 

20 and second frame members 11, 12, adding a desired strength of the reinforcing 
member 13 and a desired strength of the foamed resin 15 to the strength of the 
first frame member 11 and the strength of the second frame member 12 at the 
joint 16, and increasing the strength of the first frame member 11 and the 
strength of the second frame member 12 at the joint 16. 

25 [0047] The frame joint structure 10 in this embodiment is provided with the 
reinforcing member 13, plate member 14 and foamed resin 15 to increase the 
strengths of the first and second frame members 11, 12 at the joint 16. As a 
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result, as compared with the plate thickness of first and second frame members 
before employing the frame joint structure 10, the plate thickness of the first 
and second frame members 11, 12 can be made thinner, resulting in reduced 
weights. 

5 [0048] With the first and second frame members 11, 12 made from an 
aluminum alloy and with the reinforcing member 13 made from steel, the frame 
joint structure 10 can have a reduced weight and also have an increased 
strength. 

[0049] As shown in FIG. 3, the frame joint structure 10 is provided with the 
10 reinforcing member 13, the plate member 14, and the foamed resin 15 filling the 
spaces between the first and second frame members 11, 12 and the reinforcing 
member 13 whose outside diameter Dl is set smaller than the width HI of the 
first sidewall 21, so that the foamed resin 15 allows the reinforcing member 13 
to be integrally united with the first and second frame members 11, 12 at the 
15 joint 16. More specifically, for using the reinforcing member 13, the first 
sidewall 2 1 of the first frame member 11 is formed with the fitting hole 41 larger 
than the outside diameter Dl of the reinforcing member 13 with a portion of the 
first sidewall 21 left to provide the connecting portion 42 to reduce reduction in 
strength in the vicinity of the fitting hole 41. 
20 [0050] Now, a joining method of the frame joint structure 10 in the above 
embodiment will be described with reference to FIGS. 5 to 7. 
[0051] FIG. 5 illustrates a temporarily securing step of the frame members 
11, 12 and the mounting of foam resin. 

[0052] The temporarily securing step of the frame members 11, 12 will be 
25 described. First, the first frame member 11 and the second frame member 12 
are prepared. The flanges 38, 38 at the end portion 37 of the second frame 
member 12 are put on the first sidewall 21 of the first frame member 11 as 
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shown by arrows ® and spot-welded, whereby to temporarily secure the second 
frame member 12 to the first frame member 11. 

[0053] Then, foam resin is mounted. The reinforcing member 13 and a 
plurality of unfoamed resin sheets 51 to be the foamed resin 15 (see FIG. 4) are 
5 prepared. The unfoamed resin sheets 51 are wrapped around the reinforcing 
member 13. 

[0054] FIG. 6 illustrates a state in which the end portion 37 of the second 
frame member 12 is temporarily secured to the first sidewall 21 of the first 
frame member 11 at nuggets 54, 54 by spot welding and the unfoamed resin 

10 sheets 51 are wrapped around the reinforcing member 13. 

[0055] In the above frame member temporarily securing step, the 

spot-welding operation can be finished with the second frame member 12 being 
provisionally secured, resulting in a reduced number of welds 54 by spot 
welding and an increased efficiency in spot-welding operation. 

15 [0056] Then, the unfoamed resin sheet 51, together with the reinforcing 
member 13, is put through the fitting hole 41 formed in the first frame member 
11 as shown by arrow (§). 

[0057] FIGS. 7A to 7C illustrate the step of setting the reinforcing member 
13, the step of forming closed cross sections and the step of heat foaming. 

20 [0058] In FIG. 7A, the reinforcing member setting step is performed. As 
already described, the unfoamed resin sheet 51, together with the reinforcing 
member 13, is put through the fitting hole 41 formed in the first frame member 
11 as shown by arrow (2), and the reinforcing member 13, together with the 
unfoamed resin sheets 51 mounted on the reinforcing member 13, is set within 

25 the first frame member 11 and within the second frame member 12 at the 
temporarily welded joint 16. 

[0059] In FIG. 7B, the closed cross section forming step is performed. The 
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plate member 14 is put over the openings 24, 34 of the first and second frame 
members 11, 12, and is spot-welded to the flanges 25, 26, 35 and 36 of the first 
and second frame members 11, 12 by electrodes 62 of a spot-welding device 61 so 
that the first and second frame members 11, 12 have closed cross sections. 
5 Reference numeral 63 denotes a nugget. 

[0060] In the reinforcing member setting step, it is thus only required that 
the reinforcing member 13 mounted with the unfoamed resin sheets 51 be 
placed within the first and second frame members 11, 12 at the joint 16, which 
involves no precise positioning effort and results in increased productivity and 

10 reduced production costs. Further, the manufacturing of the first and second 
frame members 11, 12 does not take time, increasing the production efficiency of 
the first and second frame members 11, 12, and the manufacturing of the 
reinforcing member 13 does not take time, increasing the production efficiency 
of the reinforcing member 13, which leads to reduced production costs. 

15 [0061] In FIG. 7C, the heat foaming step is performed. The unfoamed resin 
sheets 51 to be a foamed resin within the first and second frame members 11, 12 
are heated to a temperature above about 180 °C by a heating means 65. The 
unfoamed resin sheets 51 are foamed, resulting in the foamed resin 15, and 
completing the frame joint structure 10. 

20 [0062] FIGS. 8A and 8B illustrate the step of coating the plate member 14 
after the closed cross section forming step illustrated in FIG. 7B. 
[0063] In FIG. 8A, first, the closed cross section forming step is performed in 
which the plate member 14 is put over the openings 24, 34 of the first and 
second frame members 11, 12, and the plate member 14 is spot-welded to the 

25 flanges 25, 26, 35 and 36 of the first and second frame members 11, 12 by the 
electrodes 62 of the spot* welding device 61 so that the first and second frame 
members 11, 12 have closed cross sections. Then, the structure is conveyed to a 
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paint shop in which a painting device 66 applies predetermined paint 67 to the 
surface of the plate member 14. A painting area is not limited. 
[0064] In FIG. 8B, the paint 67 is then heated and dried by a drying device 
68. At that time, the paint 67 and the plate member 14 are heated such that 
the temperature of the unfoamed resin sheets 51 is above about 180 °C. That is, 
the unfoamed resin sheets 51 are foamed by the heat for drying the paint 67. 
[0065] As just described, the joining method shown in FIGS. 8A and 8B 
includes the coating step in which the unfoamed resin sheets 51 are foamed by 
heat for drying the paint 67, resulting in reductions in heating and equipment 
costs for heat foaming. Thus production costs can be further reduced. 
[0066] FIGS. 9 to 11 illustrate a frame joint structure 10 using a reinforcing 
member 73 according to a second embodiment. 

[0067] The reinforcing member 73 of the second embodiment is of a 
T-shaped steel plate. The reinforcing member 73 is produced by press molding 
into a channeled shape. Two unfoamed resin sheets 51 with a T shape like the 
reinforcing member 73 are prepared. 

[0068] As shown in FIG. 10, the two unfoamed resin sheets 51 are mounted 
to the upper surface and the lower surface of the reinforcing member 73. The 
reinforcing member 73 mounted with the unfoamed resin sheets 51 is, as shown 
by arrows, set within a first frame member 11 and a second frame member 12 
which are temporarily welded together in a T shape by spot welding. 
[0069] As shown in FIG. 11, after a plate member 14 is spot- welded to the 
first and second frame members 11, 12, a coat of paint 67 is applied to the 
surface of the plate member 14. A drying device 68 heat dries the applied paint 
67, foaming the unfoamed resin sheets 51 by heating. A foamed resin 15 is thus 
obtained and the frame joint structure 10 is completed. 

[0070] In the second embodiment, as described above, the reinforcing 
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member 73 is a press-molded product, which increases the productivity of the 
reinforcing member 73. 

[0071] FIGS. 12 to 14 illustrate a reinforcing member 83 and a frame joint 
structure 10 using the reinforcing member 83 according to a third embodiment. 
5 [0072] The reinforcing member 83 shown in FIG. 12 is produced by 
extruding an aluminum alloy into a rectangular cross-section pipe and bending 
the extrusion into an L shape. The reinforcing member 83 has a plurality of 
grooves 84 formed in its exterior surface. The grooves 84 are formed during 
extrusion molding. The grooves 84 can be of any shape. 

10 [0073] An unfoamed resin material 51 is similar to the unfoamed resin 
sheets 51 shown in FIG. 5 and is soft. The unfoamed resin material 51 is 
mounted to the outer periphery of the reinforcing member 83. The unfoamed 
resin material 51 is mounted to the reinforcing member 83 in such a manner 
that the unfoamed resin material 51 is pressed into the grooves 84 to be secured 

15 to the external surface of the reinforcing member 83 as shown in FIG. 13. 

[0074] In this foam resin mounting step, the reinforcing member 83 formed 
in its external surface with the grooves 84 is used and the soft unfoamed resin 
material 51 is used, so that the unfoamed resin material 51 can be fixed in the 
grooves 84. 

20 [0075] As in the steps shown in FIGS. 7A to 7C or FIGS. 8A and 8B, the 
reinforcing member 83 having the unfoamed resin material 51 is set within first 
and second frame members 11, 12 and the unfoamed resin material 51 is heated 
to a temperature above about 180 °C and foamed. 

[0076] The unfoamed resin material 51 is thus foamed to obtain a foamed 
25 resin 15 filling the spaces within the first and second frame members 11, 12 as 
shown in FIG. 14, thereby to obtain the frame joint structure 10. 
[0077] The above frame joint structure 10 uses an aluminum alloy extrusion 
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for the reinforcing member 83 to reduce the weight and also increase the 
production efficiency of reinforcing members by extrusion molding. 
[0078] Further, the above frame joint structure 10 has the foamed resin 15 
filling the spaces between the aluminum alloy reinforcing member 71 and the 
5 first and second steel frame members 11, 12 (including the plate member 14), 
avoiding direct contact of the aluminum alloy to the steel, so that galvanic 
corrosion can be prevented. 

[0079] The formation of the grooves 84 in the outer periphery of the 
reinforcing member 83 allows the foamed resin 15 to be fitted in the grooves 84, 

10 increasing the bonding power of the reinforcing member 83 and the foamed 
resin 15, and resulting in a frame joint structure of high strength. 
[0080] In the embodiment shown in FIG. 3, with the first and second frame 
members 11, 12 made of steel and with the reinforcing member 13 made of an 
aluminum alloy, the aluminum alloy can be prevented from directly contacting 

15 the steel to prevent galvanic corrosion. If the materials of the members are 
switched, galvanic corrosion can be prevented as well. 

[0081] In the embodiment shown in FIG. 1, an example of connecting the 
second frame member 12 to the first frame member 12 in a T shape is 
illustrated. It is also possible to connect them in a cross shape and form the 
20 reinforcing member 13 in a cross shape for combination, thereby to obtain a 
frame joint structure in a cross shape. 

[0082] FIG. 5 exemplarily illustrates the unfoamed resin sheets 51 in a 
sheet shape and FIG. 12 exemplarily illustrates the unfoamed resin material 51 
in a soft mass. Unfoamed resin, however, can be of any shape, and may be 
25 shaped in a tape to be wound around a reinforcing member. 

[0083] In the present invention, the foamed resin 15 (including the 
unfoamed resin sheets 51) has any ingredients. 
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[0084] Obviously, various minor changes and modifications of the present 
invention are possible in the light of the above teaching. It is therefore to be 
understood that without departing from the scope of the appended claims the 
invention may be practiced otherwise than as specifically described. 
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